Here the impact of barium titanate (BaTiO 3 ) nano filler on both electrical and dielectric properties of proton conducting solid polymer electrolytes based on chitosan have been discussed using AC impedance spectroscopy. The impedance data reveals that up to 3 wt. % of BaTiO 3 , the conductivity shows an increaseAt low frequency, the maximum values for both dielectric constant and dielectric loss have been observed. Further distinguishable peaks have been observed in the imaginary part of electric modulus while no such peaks were observed in dielectric loss spectra From the Argand plots, the relaxation processes was interpreted. At low temperature, the DC conductivity versus reciprocal of temperature obeys the Arrhenius equation and at the high temperature, the curvature was obtained as an evidence for ion transport process with the aid of polymer segmental motion. Grotthus mechanism was used to interpret the conductivity behaviors of the samples.
INTRODUCTION
Ion conducting polymers obtained from the dissolved salts in functional polymers is becoming increasingly important; because of their application in solid-state polymer batteries and fuel cells [1] . In particular, extensive R&D efforts are being directed towards solid electrolytes for their use in batteries, owing to their high performance, durability, cost-effectiveness, portability, and mechanical flexibility [2] . At present ion conducting polymers exhibit low conductivity, thermal instability and mechanical weakness. The ubiquitous strategy to overcome these issues is the incorporation of nanosized fillers to polymer electrolytes in an effort to decrease the concentration of crystalline phases without damaging the polymer flexibility and the mechanical stability over a wide temperature range [3, 4, 5] . The well reported achievement is that the synthesized polymer composite electrolytes must have both higher ionic conductivity and the desirable mechanical property [6] . Both the heterogeneous doping and percolation theories can guide researchers to enhance transport property. One of the attempts is the particle dispersion in polymer electrolytes by which the highly conductive interfaces could be produced in terms of the Lewis acid-base interactions between the surface states of fillers with both the polymer chains and ions. Once the percolation of these interfaces occurs, the transport properties will be significantly improved and the Lewis acid-base interactions may also hinder the crystallization of the polymer [4, 7, 8] . Among the various kinds of ion-conducting polymers, protonconducting polymers have been extensively studied by virtue of their possible use in Proton Exchange Fuel Cells (PEFCs) which supply clean energy for automotives [9] . Interestingly the study of proton conduction in solids dates back to the fact that ice conducts electricity. Subsequently, the study of proton-conducting materials and the investigation of proton conductivity have been expanded to both proton-conducting polymer electrolytes for and proton-conducting oxides for applications below and above 100 ο C [10] . In general, proton-conducting polymers are usually based on polymer electrolytes, comprising negatively charged groups attached to the polymer backbone. These polymer electrolytes tend to be rather rigid and of poor proton conductivity unless they are wetted [11] . Proton conducting polymer electrolytes containing different acids/salts and polymers have been reported by various authors [9, 11, 12] . Generally, ceramic fillers are classified into two types: active and passive. The active ceramic materials participate in the conduction process, for example, Li 2 N and LiAl 2 O 3 , while the later ones have not been involved in the lithium transport process, such as Al 2 O 3 , SiO 2 , BaTiO 3 and MgO. The size and features of the filler influence the electrochemical properties of the polymer electrolytes [13] . Among the inactive (i.e., non-ion conducting materials) inorganic fillers, aluminum oxide (Al 2 O 3 ), silicon oxide (SiO 2 ), and titanium oxide (TiO 2 ) are the most commonly studied fillers [14] . The main objective of the present work is to investigate the electrical properties of the chitosanBaTiO 3 nanocomposite. The present work explains the electrical properties of chitosan solid electrolyte as a function of varied BaTiO 3 contents in the composite film, using AC impedance spectroscopy. Based on the results of DC conductivity and dielectric constant the possible mechanism of ion conduction in these composite films is presented.
EXPERIMENTAL DETAILS

Sample Preparation and Electrical Characterizations
Chemicals
In our study, chitosan from crab shells (≥75% deacetylated, average molecular weight 1.1× 10 5 ), 99% pure ammonium triflate (NH 4 CF 3 SO 3 ) and 99.9% pure barium titanate nanopowder (BaTiO 3 , size < 50 nm) have been purchased commercially from Sigma-Aldrich. The solvent glacial acetic acid has also been obtained from Sigma Aldrich.
Sample preparations and Electrical Characterization technique
Acetic acid (1 %) was prepared by dilution of glacial acetic acid solution and was further used as the solvent to prepare the nano-composite solid polymer electrolytes. In general, the proton ion conducting films were prepared using single solvent by the solution cast technique. For this purpose, 1 gm of chitosan (CS) was primarily dissolved in 100 ml of 1% acetic acid solution. The mixture was stirred overnight at room temperature to ensure complete dissolution of chitosan powder in the acetic acid solution. Later, 30 wt. % NH 4 CF 3 SO 3 (NH 4 Tf) was added to the CS solution and was subjected to continuous stirring until homogeneous chitosan:NH 4 CF 3 SO 3 (CS:NH 4 Tf) solution was obtained. For the preparation of nano-composite polymer electrolytes, BaTiO 3 (BT) filler with varied concentrations (1, 3 and 5 wt. %) was dispersed in 20 ml acetic acid solution. The BaTiO 3 dispersions were later mixed with the CS:NH 4 Tf solution followed by continuous stirring. The series of resulting solutions were designated as NPE1, NPE2, and NPE3 for CS:NH 4 Tf solution incorporated with 1wt.%, 3 wt. % and 5wt. % of BaTiO 3 filler, respectively. Whereas, pure chitosan solution was designated as NPE0. The films were obtained by drying the NPE0, NPE1, NPE2, and NPE3 solutions in pre-cleaned Petri dishes under ambient conditions. To ensure complete drying, the films were peeled and placed in desiccator with blue silica gel desiccant. The facile procedure yielded free standing and mechanically stable films.
To study the ionic conductivity of the samples, films were mounted on the conductivity holder with blocking stainless steel disk electrodes (diameter = 2 cm). During the electrical characterization, the impedance data acquisition was performed by using computer interfaced HIOKI 3531 Z Hitester. The study was carried out in the operational frequency range of 50 Hz -1 MHz, in the temperature range ~ 303 to 363 K.
RESULTS AND DISCUSSION
Impedance Study
Impedance spectroscopy is one of the powerful techniques used to study the ionic conductivity of polymeric materials [15] . Using this technique, the inter-particle interaction such as grain and grain boundary effects may be facilely determined with the aid of complex impedance formalism [16] . The interpretation of data points from the impedance plots which almost forms a curvature can be attributed to grain boundaries as shown in Fig. 1 [17, 18] . An increase in filler content results in the agglomeration of the grains, causing some of the existing conducting pathways to be blocked, which ultimately results in decrease in conductivity [13] . In the present study, the centers of the semi-circles have been observed to be below the Z r axis, suggesting that the relaxation of ions in the fabricated samples is non-Debye type [19] . The inset of the impedance plots also depicts the bulk resistance (R b ) of all the samples. It may be clearly observed from the inset of Fig.1 that the NPE2 sample (with 3 wt. % BaTiO 3 incorporation) exhibits a minimum resistance of 16 kΩ. However, with 5 wt. % BaTiO 3 incorporation, the maximum resistance of the sample has been observed to increase to 28 kΩ.
Dielectric constant Study
Dielectric spectroscopy is a key tool for probing the dielectric properties of the medium as a function of frequency. The frequency spectrum of the complex susceptibility (ε = ε′ -iε″) provides information about interaction of electric dipole with external field. The resulting data may also be used to estimate the ac conductivity of the material in a given frequency range. Figure 2 and 3 ; depict the dielectric constant and dielectric loss versus frequency for the fabricated samples at ambient temperature. In the present study, the dielectric constant has been extracted from the real (Z r ) and imaginary (Z i ) part of the complex impedance (Z*), using the following equations [20, 21] 
-12 F/m is the permittivity of free space and ω =2πf is the angular frequency and f is the applied field frequency. It may be observed from Fig.  2 and 3 that in low frequency region dispersion appears in both dielectric constant and loss spectra. From this region, the large value for both dielectric constant and dielectric loss has been obtained which may be ascribed to the space charge polarization near electrode-electrolyte interface [22] . Moreover, at low frequency region, the dipoles and charge carriers have sufficient time to orient in the direction of the applied electric field. Consequently, accumulation of charge carriers at the electrode/electrolyte interface results in the electrode polarization, which suppresses the high frequency dielectric properties (bulk property) [4, 21, 23] . It is clear that the dielectric loss value is larger than that of dielectric constant, relating to the contribution of carrier motion (DC conductivity) to the dielectric loss values [24, 25, 26] . It may also be observed from Fig. 2 and 3 that the dielectric constant and loss factor decrease significantly with an increase in frequency. The high frequency region may be featured as a smooth plateau region (as depicted in Fig. 4) representing the bulk property of the fabricated samples [27] . Figure 5 plots the estimated dielectric constants of the composite films with various BaTiO 3 concentrations. It may be noticed that the dielectric constant increases with increasing BaTiO 3 concentration up to 3 wt. %, and subsequently decreases with further addition of the filler. The increase of dielectric constant with the addition of BaTiO 3 filler may be explained on the basis of space charge-model. According to this model, the high conducting interfacial layers on the surface of grains overlaps on each other which provides high conducting pathways for free ions and thus assist the ions transport [4, 5, 28, 29] . These highly conducting pathways are expected to increase with an increase in the concentration of BaTiO 3 filler. At still higher concentration though, the dielectric constant drops down due to the blocking effect which hinders the motion of ions, thereby leading to lower conductivity value [12, 29] . This observation may be related to the fact that the dispersion of 5 wt. % BaTiO 3 grains may cause the long polymer chains to be be immobilized leading to a decrease in dielectric constant and conductivity as well [5, 30] .
Electric Modulus Study
The electrode polarization (EP), space charge injection phenomena and conduction effects obscure relaxation in dielectric permittivity presentation. Despite of the complexity of interpretation of these ambiguous phenomena, all these can be resolved in electric modulus formalism [29, 31] . The appropriate modulus that is useful in understanding bulk relaxation properties at low frequency region is the electric modulus. The real (Z r ) and imaginary (Z i ) parts of complex impedance (Z*) may be used for the evaluation of real and imaginary parts of electric modulus, using the following equations [32] : From Fig. 6 , it can be observed that the M r value approaches to zero at low frequencies. This is due to the high value of capacitance associated with double layer charges build up between the sample and electrodes [33, 34] . It is noteworthy that in comparison to dielectric constant pattern, the M r spectrum behaves in different manner. This is owing to the fact that the complex electric modules (M r and M i ) are the reciprocal of complex dielectric constant. From imaginary part of electric modulus spectra, conductivity relaxation peaks can be observed as exhibited in Fig. 7 . It may be noticed that the relaxation peak shifts towards higher frequency side with increasing BaTio 3 content up to 3 wt. % and then shifts backwards when 5 wt. % of BaTiO 3 is introduced. As a result, the relaxation time decreases with an increase in BaTiO 3 concentration. This decrease of relaxation time can be ascribed to the increase of ionic mobility in amorphous phase of the electrolytes sample. These peaks are the transition regions from long range ionic mobility (translation) to short range mobility (dipolar), in other word, the carriers are confined to potential wells being mobile over short distance at higher frequencies [29, 35] . The low frequency side of the peaks is the region where ions have enough time to re-orient themselves with the alternating electric field and eventually diffuse. Consequently, double capacitance layer results between the electrode and electrolyte film. This produces a high dielectric constant and thus a very small M i is observed. On contrary, the high frequency side of the peak is the region where ions can perform local (re-orientation) motion only and produce dispersion in AC conductivity [36] . The existence of peak in M i spectrum (Fig. 7 ) and the absence in ɛ'' spectrum ( Fig. 3) may be considered as a strong evidence for the fact of ionic and polymer segmental motions are coupled [37] . Alternating current (ac) impedance spectroscopy has been commonly used to investigate the electrical properties of polymer ion conductors. The most common method employed in the study of the ac response of a test system, i.e. an electrode-material arrangement. This can be carried out by the direct measurement of the impedance in the frequency domain. Various polarization and charge transfer processes which occur in a test system, over the measured frequency range can be studied [38] . Fig. 8 shows the Argand plot (M i versus M r ) for all the composite samples. It is obvious that Argand plots exhibits an incomplete half semicircle, revealing the non-Debye type relaxation process [19, 29] . At low frequency, the noticeable long tail is attributable to the large value of capacitance associated with electrode polarization [5] . From the studies of complex permittivity (see figures 2 and 3) the high value of dielectric parameters at low frequencies confirms aforementioned interpretation for the long tail of M r and M i at low frequency domain. From documented reports, it has been highlighted that as Argand plot shows semicircular behavior, the relaxation is either due to conductivity relaxation process or viscoelastic relaxation (or polymer molecular relaxation) [39, 40] . From the present work, as moreover, as the concentration of BaTiO3 increases, the Mi-Mr response departs from the absolute semicircular arc which ascribed to the increase in conductivity [4] . With an increase of BaTiO3 up to 3 wt.% the tail decreases while for 5 wt.% BaTiO3 the tail increases again. This shift of M i -M r curves towards the origin is caused by an increase of conductivity and a decrease of Zi and Zr (
DC Conductivity Study
From the Argand plots, one can see that the ion conductive mechanism includes segmental motion which is envisaged to be normal as reported for many polymer-based electrolytes. It is well reported that vehicle mechanism occurs in conventional liquid electrolyte systems [41, 42] . From this work, the conductivity of the samples (see Fig.9 ) are obviously close to each other, as a result, there is a small increment in conductivity for various amounts of BaTiO3 filler. The DC conductivity was calculated from the bulk resistances at various temperatures using the equation, σ dc = l/(R b x A), where l is the samples thickness, A is the electrode area and R b is the bulk resistance obtained from impedance plots. This indicates that the interaction of the BT fillers with the polymer matrix is probably weak. It may act as a dissociation promoter in this polymer system; however, it might not change any intrinsic mechanism for the ionic conduction [43] . It can also be noticed from the plots that the temperature dependence of DC conductivity (σ dc ) shows nearly Arrhenius behavior at low temperatures (see region I) and a departure can be observed at high temperature region (see region II). The linear behaviors of DC conductivity may be related to the fact ionic transport occurred on the surface of the nano-particles or throughout a low-density polymer phase at the interfacial region, decoupling from the polymer relaxation mechanisms [44, 45] . The observation of linear relationships between the σ dc and 1000/T is an indicator for the fact that there is no phase transition in the polymer electrolyte at these temperature ranges and ion transport occurs through the hopping [46] . The expression hopping ascribed to the routine of rapid charge carrier displacement from one localized site to another nearby site [47] . Close coupling between the segmental motions of the chains and the ionic conductivity is responsible for the non-Arrhenius behavior of DC conductivity versus 1000/T at high temperature region [48, 49] . At high temperatures, the dielectric constant of the filler is not only increases, but also causes an increase of polymer segmental motion. Thus, the high dielectric constant of fillers may cause weakening the ionic bonding strength between the cation and anion of the salt, as a consequence, increase ion diffusivity in segment mobility due to the suppression of polymer crystallization [41, 42] . It is clear that the room temperature conductivity of the samples is quite low. It is well reported that to reach high proton conductivity in polymer electrolytes, a high degree of hydration is necessary, as proton conductivity increases with elevating of both temperature and relative humidity (RH). In polymer electrolytes protons are transported via the Grotthuss mechanism. The movement of H + ion from one site to another; result in a vacancy that will be filled by another proton ion from a nearby neighboring site. This is the Grotthus mechanism where proton transport occurs through proton exchange between the polymer-salt complexed sites as depicted in scheme 1. The high mobility occurs at high RH and via the vehicle mechanism with lower mobility at low RH. In contrast, with increasing temperature, the vehicle mechanism progressively is dominating while as hydrogen bonds begin to elongate and break [10] . In this work, the value obtained for conductivity is comparable to that reported (7.8 x 10 -7 S/cm) for chitosan incorporated with 30 wt.
ammonium acetate (NH4CH3COO) [50] .
CONCLUSIONS
In the present work, the effect of barium titanate (BaTiO3) nano filler on electrical and dielectric properties of proton conducting solid polymer electrolytes based on chitosan was discussed. The impedance plots shows that upto 3 wt.% BaTiO3 the conductivity can be increased. Similar trends of DC conductivity and dielectric constant versus BT concentration was explained. At low frequency high value for dielectric constant and dielectric loss was observed. Distinguishable peaks were observed in the imaginary part of electric modulus while no peaks observed in dielectric loss spectra. The relaxation processes was interpreted from the Argand plots. At low temperature the DC conductivity versus reciprocal of temperature follows the Arrhenius equation. The curvature of DC conductivity versus 1000/ T at high temperatures is an evidence for the fact that ion transport occurs with the help polymer segmental motion.
